To assess whether the circadian rhythm of melatonin (MT) described in umbilical cord blood of term babies is due to an active pineal in the newborn, we analyzed 119 normal neonates during the first 72 h of life. Plasma MT was measured by RIA in different neonates at different hours of the day. Statistical analysis consisted of comparision of the means of MT values grouped in two time periods of 12 h each [day period, 0900-2100 h (77 neonates); night period, 2100-0900 h (42 neonates)] and cosinor analyses to determine the existence of a circadian rhythm of MT. Mean MT levels did not vary greatly during the first 72 h of life, and no differences were found between day and night periods. These results suggest that the pineal gland in the neonate actively secretes MT, but not in a rhythmic manner, implying that the circadian rhythm of MT described previously in cord blood is a reflection of the maternal rhythm. (J Clin Endmriml Metub 77: 699-703, 1993) P REVIOUS studies have demonstrated that differences exist between plasma levels of melatonin (MT) in umbilical artery and vein in humans, with higher values in the vein (1, 2). Moreover, day-night differences in MT concentrations were reported in umbilical circulation in term fetuses and newborns (l-3). The metabolic characteristics of MT include a short plasma half-life and feto-platental barrier permeability (4), permitting MT to cross from the maternal to the fetal circulation. These data together with the fact that the fetal pineal gland is active at the end of pregnancy (5, 6) raise the question of whether the rhythm of MT found in cord blood is produced by the newborn's pineal or reflects the maternal rhythm of MT.
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Several reports have provided evidence of the absence of a circadian rhythm of MT during the neonatal stage. Attanasio et al. (7) found no circadian variation in the secretion of MT by the pineal gland at least 3 months after delivery, whereas Gupta et al. (8) reported that the typical adult circadian rhythm of MT does not appear until the end of the first year of life. Other researchers have described changes in the production and rhythmic secretion of MT during the first years of life (9-11). These findings raised questions about the origin of these rhythms, as the changes in fetal MT concentrations are difficult to elucidate because of the matemo-fetal relationships noted above. However, there are no studies of variations in MT during the first days of life. We measured the concentrations of MT during the day in the first 72 h of life to determine whether the active pineal gland of the newborn secretes MT in a rhythmic manner.
Subjects and Methods
The study was carried out in 119 newborns in the University of Granada Hospital (Granada, Spain). Informed consent was obtained from all parents and from the hospital's Ethical Committee, in accordance with the Declaration of Helsinki. The study was performed in normal term infants who satisfied the physical and neurological crlterla of Dubowitz (12) . The neonates were admitted to the Neonatal Unit, where the hospital's regular light-dark schedule was in effect (lights on from 0800-2100 h). Plasma melatonin was measured by the RIA routinely used in our laboratory (see below). Blood samples were collected by venipuncture during the first 3 days of life; because of ethical considerations, only one sample was collected from each newborn. Tie of day, body weight, hours of life, and gestational age were noted for each newborn. For collection of nighttime samples, a flashlight was used. Blood was centrifuged at 3000 X g for 10 min, and plasma was separated and frozen at -20 C until assay.
Plasma MT levels were measured in duplicate using a commercial RIA kit (WHB, Bromma, Sweden), as described previously (13). In control samples, the intraassay coefficient of variation was 11.3%, and the interassay coefficient of variation was 16.3%. The recovery of added melatonin was 84.4%, and the sensitivity of the assay was 5 pg/mL.
Statistics
In accordance with the method described by Minors and Waterhouse (14) , data from the daily determinations of MT were analyzed using a combination of statistical techniques to decrease the likelihood of errors due to the limitations of the analytical technique (i.e. the use of only one sample per patient). Because MT displays a circadian rhythm with maximum MT values at around 0200-0300 h and minimum values between 1400-1500 h, we divided the day into two periods of 12 h each: diurnal (D), from 0900-2100 h, and nocturnal (N), from 2100-0900 h.
The first step in the statistical analysis was to compare the mean values obtained during these two periods. The diurnal group comprised 77 neonates (64%), and the nocturnal group 42 neonates (36%). Cosinor analysis (15), a statistical methodology involving representation of the data span by the best-fitting cosine function, was then performed using the formula: Yi = M + A cos (wt + &), where Y is the mean of the function at time i, M is the mesor (the mean level of the cosine curve), A is the amplitude of the curve, w is the angular frequency of the curve, t is the time when the point i was measured, and Q is the acrophase (phase angle of the maximum values of the curve). This equation was fitted to the data by conventional methods of least squares regression analysis. The equation also permits calculation of the parameters defining the rhythm (mesor, amplitude, and acrophase). The mesor expresses the mean value of the rhythm and is equal to the arithmethical mean of the data span. This value was calculated with the equation: &II) (t in Student's t distribution; n = 3 df).
In the amplitude acrophase pair, amplitude was the value of the curve at each point, whereas acrophase is the moment (hour) in which maximum amplitude was reached. Acrophase was expressed in degrees, by dividing the 24-h day into 45O segments ( Fig. 2 ). Amplitude and acrophase were related by the following equation: (III,IV,V) (t, in Snedecor's F distribution; 2, n = 3 df).
Residual variance was calculated from the expression: $ = [RSS/(n -3)], where RSS is the sum of the residual squares.
The percentage of the rhythm determines the ratio of variability of the data depicted by the fitted curve. This ratio was evaluated by direct comparison between the variability of the data from the fitted curve (RSS) and the total variability present (TSS): % of the rhythm = [(SS -RSS)/TSS] x 100, where TSS is the whole sum of the squares. The ideal fit would be that in which the percentage of the rhythm was 100%; in this situation, RSS = 0.
A significant fit of the data to the curve (indicating the existence of a circadian rhythm) was defined as that in which the amplitude of the fitted curve was significantly different from zero. The following hypothesis was then tested: H1 i A = 0 and HI i A % 0, whether (n/4&4' > FITa, the alternative hypothesis, is accepted and thus also the existence of the circadian rhythm, with an error of Q.
Results
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MT concentrations obtained during the diurnal (0900-2100 h) and nocturnal (2100-0900 h) periods ( Comparison of the mean weight and gestational age in the neonates of the diurnal and the nocturnal groups also showed no significant differences (Table 2 ). Cosinor analysis gave the follow results ( Fig. 1 The 2% rhythm percentage found in this study demonstrated the poor fit of the data to the curve. Because FexP (1.1) was lower than the calculated F, in the Snedecor's F distribution (2,116 df), we can asume the nonexistence of a circadian rhythm in the plasma concentration of MT. Graphic representations of these data are shown in Figs. 1 and 2 .
Discussion
We previously reported (1) the existence of a circadian rhythm of MT in the cord blood of human preterm and term neonates. We also demonstrated that neonatal stress (acute fetal distress) increases MT production during the night compared with that in normal term and preterm neonates (1) . The present study, based on blood sampled during the first 72 h of life, demonstrates that the circadian rhythm of zc = (8' -j3)* + (y' -+* + ; y* (VI MT previously described in fetal circulation and neonates disappears when the connection between mother and fetus (i.e. the umbilical cord) is uncoupled. Consequently, the circadian rhythm of MT described in neonates reflects the maternal circadian rhythm of MT and seems to be due to the transfer of MT from the maternal to fetal circulation. Thus, the fetal pineal, although active, does not secrete MT during this period in a rhythmic manner. The pineal gland and its major hormonal product, MT, play several important roles in human development. There is evidence indicating that MT is involved in the synchronization of variables that follow a day/night rhythm in the cells, tissues, and organs of the body. In this sense, external light synchronizes MT circadian rhythm, and this rhythm within the body synchronizes other biological rhythms (16 18). In addition, MT seems to be related to synchronization of the development of chronobiological centers in the fetus (19). Moreover, there are several reports of the role of MT as a neuromodulator of central nervous system activity, acting on y-aminobutyric acid-benzodiazepine receptors (20, 21) and Na+,K+-ATPase activity (22). These actions of MT may be important in newborns (and after birth), in light of the existence of brain damage and death in neonates with sodium pump alterations (23) and in infants with convulsions associated with alterations in MT circadian rhythm (24). MT is a potent inhibitor of suprachiasmatic nuclus (SCN) activity, which is able to entrain circadian rhythms (25). The circadian rhythm of maternal MT (which easily passes through the placenta as well as the blood-brain barrier) may entrain the activity of the fetal SCN to be in phase with that of the maternal SCN. Prenatal entrainment of the fetal SCN pacemaker by daily administration of MT to the mothers has been shown in rodents (19). However, other animal studies have demonstrated that most of the endocrine organs are not crucial for entraintment of fetal circadian rhythms, although the maternal SCN plays a key role (25). Finally, the role of MT in situations involving stress is well documented (26), and MT is indeed considered a stress hormone. These findings point to the importance of elucidating the pineal mechanism involved in MT synthesis and secretion in humans during early development.
Research in experimental animals and adult humans has yielded a great deal of information about the circadian rhythms in these species (27) (28) (29) . In a recent review, Mirmiran et al. (25) concluded that human circadian rhythms are present as early as 30 weeks gestation. However, the data reported for children are few, and even less information is found in the literature relating to the first stages of life in infants. Attanasio et al. (7) reported a study of 28 infants aged between 1 week and 9 months, but this study compared the values obtained at only two times of day (1200 and 2400 h). According to Minors and Waterhouse (14) , this study cannot be considered appropriate for the analysis of a hormonal circadian rhythm, Ethical considerations regarding human experimentation in infants are an important limitation to the information available on circadian rhythms during the neonatal and perinatal stages. Numerous determinations are required to define circadian rhythms, and experiments that may be sclentifically valuable are not permissible on ethical grounds. Thus, the circadian rhythm of MT cannot be studied during infancy following classical methodology, because of the large number of blood samples required from each subject. Waldhauser and Dietzel (30) reported that in humans, individual variations in the maximum peak and the total amount of MT secreted by the pineal gland vary widely. However, the duration of the nocturnal peak is remarkably constant between individuals, ranging from 8-8.9 h. This stability between individuals in the peak and duration of the nocturnal elevation in MT made it possible to use a grouping model, with blood samples taken from different neonates for each time of day. This model may be suitable, at least as an approximation, for the study of day/night variations in MT by cosinor analyses (14, 15).
As mentioned, two statistical test were used to study the circadian rhythm of MT. According to Minors and Waterhouse (14) , the comparison between the values obtained during the day and night periods can be considered a pre-vious estimation for the study of circadian rhythms. The time period of nocturnal increase in MT was defined by Waldhauser and Dietzel (30) as the moment when MT levels are greater than the mean for the whole day. Because this moment occurs between 2200-0900 h, the interval from 2100-0900 h was defined in this study as the nocturnal period. The similarities in the results obtained with this procedure and with cosinor analyses show that there was no circadian rhythmicity in plasma MT from infants during the first 3 days of life. Therefore, the circadian rhythm of MT previously reported in umbilical cord blood (1, 2, 16 ) is a reflection of the maternal rhythm.
The elevated concentration of MT obtained in this study (mean values, -146 pg/mL) compared to the values found in umbilical artery and vein (1) and to normal values during the first 6 months of life (mean, 27.3 f 5.4 pg/mL) (11) deserves some comment. The differences in MT concentrations reported by different investigators may be due to differences in sampling time, RIA methodology, or season of the year. Moreover, although we consider the neonatal pineal to be active (5, 6) , the increase in MT levels during the first hours of life above the MT values in the umbilical circulation might be due to a mechanism induced by labor. However, this is not a likely argument, because after the first 6-8 h of life, a period that corresponds to neonatal adaptation, neonates begin a transition period, in which the stress mechanism of labor is considered to have disappeared (15). More likely, the higher levels of MT in this study reflect the physiological hepatic metabolic insufficiency that characterizes neonates during the first days of life (31) . These considerations point to the usefulness of the experimental model used here, the determination of MT during the first 72 h of life. At this time, maternal influences have disappeared; thus, we analyzed the degree neonatal production and/or metabolism of MT.
